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The Shibasaki, the Han, and the Kim groups used esculetin (2), resorcinol (3) , and umbelliferone (4) respectively as a starting material for (+)-decursinol synthesis. This work focused on the resorcinol as a starting material, since it was cheaper and simpler material, and reported herein is an efficient enantioselective total synthesis of (+)-decursinol in five steps from resorcinol.
The Han group synthesized (+)-decursinol from resorcinol in 7 steps as shown in Scheme 1. The serious problem in their synthesis is the final condensation step which produced equimolar amount of regioisomer (11) resulting in a low yield of desired product 1. Asymmetric epoxidation of 6 to 7, which requires an expensive Jacobsen's (salen)-Mn catalyst, 9 is the key step for introducing desired chirality on 7-hydroxyl group in product 1. A condensation reaction of ethyl propiolate with the compounds 5, 6, and 7 respectively was done before epoxidation step for economical reason, but it failed. The condensation of phenol derivatives with ethyl propiolate is very sensitive to the functionality (conjugation) of substituents, for instance, 10 reacts but 6 doesn't. Umbelliferone (4) also does not react with ethyl propiolate or 3-methyl-2-butenoic acid in this condensation reaction.
This work proposes herein a convenient and practical total synthesis of (+)-decursinol from resorcinol in five steps. The commercially available resorcinol (3) is condensed with 2-methyl-3-buten-2-ol using zinc chloride under reflux to give 12 in 70% yield as shown in Scheme 2 (entry 2). Acid catalysts (entries 1, 9) or acid solvents (entries 6, 7) also gave a reasonable yield in this reaction. The subsequent reaction with ethyl propiolate only using zinc chloride produced the 1 : 1 mixture of corresponding lactones 13 and 14, which is easily separated by column chromatography, in 38% yields respectively (Scheme 3). The formation of regio- isomer 14 could not be minimized in several different reaction conditions. Despite the low yield of desired lactone 13, the Han's problem 7 could be overcome by introducing this troublous step at an early stage before chiral epoxidation rather than at a final stage.
The lactone 13 is dehydrogenated by DDQ in refluxing benzene to give xanthyletin (15) in 82% yield (Scheme 4).
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The alternative use of NBS/AIBN in refluxing CCl 4 produced a low yield of 15. Xanthyletin have been isolated from tissues of Citrus infected by Phytophthora spp. and known as an efficient growth inhibitor of Phytophthora citrophthora.
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The xanthyletin 15 was converted to the desired chiral epoxide 16 in 83% yield (95% ee) in the presence of Jacobsen's (S,S)-(+)-salen-Mn(III) catalyst with Oxone ® using the procedure developed by Han. [7] [8] [9] The absolute configuration of the epoxide 16 was determined by its transformation to the authentic natural (+)-decursinol 1. The regio-and stereoselective reduction of 16 by using NaBH3CN with BF3·OEt2 in THF at rt gave (+)-decursinol in 93% yield. 8 In conclusion, the enantioselective and convenient synthesis of (+)-decursinol has been achieved from resorcinol in five steps with 16.8% overall yield including double condensation, oxidation, chiral epoxidation, and reduction. The introduction of ethyl propiolate condensation step, which produced equimolar amount of regioisomer resulting in low yield of 1, at an early stage lead to a practical and economical synthesis of (+)-decursinol.
Experimental Section
All chemicals used were purchased from commercial sources and used as received unless otherwise stated. NMR spectra were recorded at Varian Gemini-300 MHz FT-NMR for 7-Hydroxy-2,2-dimethylchroman (12). To a solution of resorcinol 3 (1.00 g, 9.08 mmol) in dichloromethane (20 mL) was added zinc chloride (0.62 g, 4.54 mmol) followed by 2-methyl-3-buten-2-ol (0.48 mL, 4.54 mmol) and stirred for 2 h at rt. The reaction mixture was heated to reflux for 7 h. After being cooled, the mixture was neutralized with saturated NaHCO 3 
